Nivolumab is an anti-programmed cell death protein 1 monoclonal antibody that is used to treat metastatic cutaneous malignant melanoma. Although bilateral uveitis has been reported as a side effect of nivolumab administration, there are few reports of Vogt-Koyanagi-Harada disease (VKH)-like uveitis. We report such a case. A 63-year-old woman with metastatic cutaneous malignant melanoma experienced visual loss in both eyes 10 days after her second nivolumab injection. Her decimal best-corrected visual acuity (BCVA) was 0.7 in the right eye and 0.4 in the left eye. Examination revealed bilateral granulomatous keratic precipitates and posterior synechiae in the left eye. Optical coherence tomography showed multiple sites of serous retinal detachment (SRD) in the left eye and wavy retinal pigment epithelium in both eyes. Fluorescein angiography revealed multiple pinpoint-sized areas of leakage in both eyes and active leakage from the disc in her right eye. Indocyanine green angiography (IA) showed choroidal hyperfluorescence due to choroidal vascular leakage, with hypofluorescent dark spots during the late phase. These findings supported a diagnosis of VKH-like uveitis following nivolumab injections. Nivolumab was discontinued because of headache. Anterior chamber Case Obata et al.: Vogt-Koyanagi-Harada Disease-Like Uveitis during Nivolumab Treatment for Malignant Melanoma 68
Introduction
Vogt-Koyanagi-Harada disease (VKH) is a bilateral, diffuse, granulomatous uveitis. The autoimmune mechanisms are believed to be directed against melanocytes [1, 2] . Nivolumab, a human immunoglobulin G4 monoclonal antibody against human programmed cell death protein 1 (PD-1), has been recently introduced as a targeted therapy for unresectable or metastatic melanoma [3] . Nivolumab has been approved for treatment in patients with nonsurgical or metastatic melanoma, metastatic non-small-cell lung cancer, renal cell carcinoma, classic Hodgkin's lymphoma, squamous cell carcinoma of the head and neck, and urothelial carcinoma [4] [5] [6] [7] . Patients with metastatic cutaneous malignant melanoma have been reported to develop uveitis after nivolumab (anti-PD-1 antibody) injection [4, [8] [9] [10] . We report a patient with malignant melanoma who developed VKH-like bilateral uveitis shown clearly by specific indocyanine green angiography (IA) during a course of treatment with nivolumab for malignant melanoma.
Case Presentation
A 63-year-old woman first discovered a black lesion in the femoral area in July 2016. She finally visited a hospital in February 2017, at which time a biopsy showed that the lesion was malignant melanoma. She then underwent positron emission tomography with computed tomography, which showed multiple metastatic lesions in the inguinal, hilar, and mediastinal nodes. The primary lesion was excised in March 2017. Mediastinoscopy revealed that the hilar and mediastinal node lesions were the result of a sarcoid reaction. Hence, in May 2017, she underwent inguinal node dissection with a pathological diagnosis of metastatic melanoma. Not long afterward, it was discovered that her primary malignant melanoma had recurred.
Vemurafenib was started in August 2017, but it was discontinued because it caused fever. Nivolumab was injected in October and November 2017. At 10 days after the second nivolumab injection, the patient suffered visual loss in both eyes. She was referred to an ophthalmologist for evaluation of the bilateral visual obscuration. At the initial examination, her decimal best-corrected visual acuity (BCVA) was 0.7 in the right eye and 0.4 in the left, with an intraocular pressure of 8 mm Hg in the right eye and 11 mm Hg in the left eye. Granulomatous keratic precipitates and cells were found in the anterior chamber in both eyes and posterior synechiae in the left eye. A mild vitreous opacity was found at the inferior quadrant. Fundus examination and optical coherence tomography (OCT) (Cirrus OCT; Carl Zeiss Meditec, Dublin, CA, USA) confirmed the presence of multiple sites of serous retinal detachment (SRD) in the left eye and wavy retinal pigment epithelium in both eyes ( Fig. 1 ). On fluorescein angiography using Spectralis ® HRA+OCT equipment (Heidelberg Engineering, Heidelberg, Germany), multiple pinpoint-sized areas of leakage were found in both eyes as well as active leakage from the disc in the right eye ( Fig. 1 ). IA using Spectralis ® HRA+OCT revealed findings characteristic of VKH, such as choroidal hyperfluorescence due to choroidal vascular leakage and hypofluorescent dark spots during the late phase ( Fig. 1 ). HLA typing revealed A24, B61, B48, and DR9.
We assigned a diagnosis of bilateral panuveitis similar to VKH. Nivolumab had been discontinued because of headache by the dermatologist, and we started topical corticosteroid (betamethasone sodium phosphate 0.1%) four times a day and daily topical tropicamide phenylephrine hydrochloride at night.
The granulomatous keratic precipitates and cells in the anterior chamber disappeared 3 weeks after starting the topical treatment, and the multiple SRDs and wavy retinal pigment epithelium gradually disappeared ( Fig. 2) . At 4 months after starting treatment, her decimal BCVA had recovered to 1.0 in the right eye and to 0.9 in the left eye. Fluorescein angiography showed that the multiple pinpoint-sized leakage sites in both eyes and the active leakage from the disc in the right eye had diminished (Fig. 2 ). IA revealed that the findings characteristic of VKH (e.g., choroidal hyperfluorescence due to choroidal vascular leakage and hypofluorescent dark spots) had also decreased (Fig. 2) . Choroidal thickness was 369.3 μm in the right eye and 663.3 μm in the left eye before treatment. After 4 month of treatment, choroidal thickness was 285.4 μm in the right eye and 218.4 μm in the left eye, measured using Spectralis ® HRA+OCT. In addition, her bilateral fundi appeared red and depigmented (Fig. 3) , and her hair had lost its natural color and became grayer.
Discussion and Conclusions
Nivolumab is an anti-PD-1 monoclonal antibody. Activated suppressor T cells inhibit the immune surveillance of neoplastic cells, enhancing tumor growth. Nivolumab inhibits suppressor T cells. Malignant melanoma cells and normal choroidal melanocytes could share a target epitope for T cell recognition. Nivolumab is also directed against normal choroidal melanocytes [3, 7] .
The important diagnostic points directing attention to VKH-like uveitis in this patient first became apparent when slit-lamp examination revealed the presence of bilateral granulomatous keratic precipitates and anterior chamber cells. The second major discovery as a manifestation of VKH was the wavy, retinal pigment epithelium, which is caused by multifocal thickened choroidal lesions, and the multiple sites of SRD that were visualized using OCT [11] . Third, IA revealed choroidal hyperfluorescence due to choroidal vascular leakage and hypofluorescent dark spots during the late phase, which is typically seen with VKH. Fourth, the patient had no history of either penetrating ocular trauma before the onset of uveitis or surgery on either eye.
The standard treatment for VKH is high-dose systemic corticosteroids. Since in our case the patient's general condition was poor and nivolumab had been discontinued because of headache by the dermatologist, a topical rather than systemic corticosteroid was administered. The patient's ocular pathology had diminished partially because of discontinuation of nivolumab and partially because of the topical corticosteroid treatment. In other reports, a topical, oral, or subconjunctivally injected corticosteroid was used for treatment. All of those patients, regardless of the administration route, had responded to the treatment [4, [8] [9] [10] .
To our best knowledge, there have been no reports of IA being used to identify patients with malignant melanoma who developed VKH-like uveitis during the course of nivolumab injections. The characteristic findings of VKH (e.g., choroidal hyperfluorescence due to choroidal vascular leakage and hypofluorescent dark spots) shown by IA diminished (Fig. 1, 2) .
We undertook HLA typing [12] and found that the HLA types were A24, B61, B48, and DR9. These HLA types are different from the typical HLA types seen in VKH patients (i.e., HLA-B54, DR4, DR53, and DQ4). HLA types may not be relevant to the onset of VKH-like uveitis caused by nivolumab. Nivolumab may alter patients' immune condition strongly enough for them to develop VKH-like uveitis, even those without the typical HLA types seen in VKH patients. Therefore, we should carefully follow these patients even if they do not have HLA types usually related to VKH.
In other reports, nivolumab was not stopped because of immune-related adverse events of the eyes [4, 9, 10] . However, in one report, nivolumab was stopped because of immunerelated adverse events of the eyes. After the decrease in ocular inflammation and complete visual acuity recovery, treatment with nivolumab was re-initiated [8] . We should decide whether nivolumab should be stopped between the ophthalmologist and the dermato-oncologist team. In some reports, only topical prednisolone acetate (1%) without systemic corticosteroid was initiated as the primary therapy [4, 9, 10] ; however, in another report, systemic corticosteroid was used after discussion between the ophthalmologist and the dermatooncologist team [8] . We should decide the treatments with following general and ocular condition.
We have reported a VKH-like bilateral uveitis that occurred during the course of nivolumab injections given to treat metastatic cutaneous malignant melanoma. It is recognized that IA findings are useful for diagnosing and evaluating treatment responses in patients with VKH-like uveitis. As the use of nivolumab may come into more widespread use in the future, uveitis that appears during nivolumab administration must be rapidly recognized based on examination of the eyes. When we see VKH-like uveitis, we should obtain the history of nivolumab treatment. In addition, after nivolumab treatment, we should carefully follow the patient because VKH-like uveitis could develop. We should choose treatments with checking general and ocular condition. There are multiple sites of serous retinal detachment in the left eye and wavy retinal pigment epithelium in both eyes. Fluorescein angiography scans before treatment revealed multiple pinpoints of leakage in both eyes as well as active leakage from the disc in the right eye. Indocyanine green angiography also revealed choroidal hyperfluorescence due to choroidal vascular leakage, followed by hypofluorescent dark spots at a later time. Right eye (left) and left eye (right). Vertical sections of optical coherence tomography scans 4 months after treatment showed fewer serous retinal detachment sites and a reduced amount of wavy retinal pigment epithelium. Fluorescein angiography 4 months after treatment showed reduced fluorescein dye leakage. Indocyanine green angiography 4 months after treatment indicated that the multiple dark spots had almost all disappeared. 
